The hypothesis that different income groups have different willingness to pay for accessibility to the city centre is based on the standard monocentric model. This hypothesis is empirically tested with accessibility attributes in a hedonic model of apartment prices in the suburbs of the city of Lyon, France. The conditions of residential segregation are described, and apartment prices in the poor and the rich suburbs are analysed with regression techniques. Travel times to two urban centres are accounted for, as well as centrality and accessibility integral indexes. We found that in the selected areas the hypothesis is true. Spatial differences between the estimates for accessibility measures are significant. In more socially problematic areas, the willingness to pay for better accessibility is higher.
Introduction
Economic literature about urban segregation experienced rapid development since the first work of Kain (1968) on the difficulties of employment access for the inhabitants of American ghettos. Numerous case studies dealing with the question of neighbourhood effect test the impact of social polarisation or accessibility on unemployment, isolation, crime or school results in problematic districts of different cities and countries (Case and Katz, 1991; Hoxby, 2000; Bayer et al., 2008; Galster et al., 2008) . In France, the economic studies of segregation are more recent and mainly dated by the years 2000s (Fitoussi and Savidan, 2003; Maurin, 2004; Buisson and Mignot, 2005) .
With several exceptions analysing geographic and ethnic origins (Pan Ké Shon, 2010) , this literature focuses on the socio-economic dimensions to demonstrate the increasing inequalities between rich and poor neighbourhoods and to measure their negative consequences on the economic, human and social capital of poor inhabitants, whose significant share is suffered from high unemployment (Bouabdallah et al., 2002; Choffel and Delattre, 2003; Gaschet and Gaussier, 2005; Gobillon and Selod, 2004; Korsu and Wenglenski, 2010) . Most of these studies confirm the hypothesis that the unemployment of poor residents is partially caused by poor accessibility to jobs (especially to lowskilled jobs) and high poverty rates. The two main reasons of poor employment accessibility in the Paris region are location in remote neighbourhoods with few jobs and low car-ownership rate (Korsu and Wenglenski, 2010) . In their analysis of the Lyon, Marseille, and Lille urban agglomerations, Mignot et al. (2009) highlight the point that though some recent studies report little inequality in daily mobility since households have access to cars, at the same time inequality increases for those without car.
The growing interest of academic research to residential segregation in France can be explained by a complicated reality including violence and urban riots, which needs to be adequately understood before elaboration of a competent policy by decision-makers. The first urban riots in France took place in the eastern suburbs (banlieues) of Lyon:
Vénissieux in 1981 and Vaulx-en-Velin in 1990, while the last one happened in 2005 and called "the suburb crisis" touched many French cities. This situation has often been interpreted as a fiasco of the integration policy in neighbourhoods mainly populated by immigrants and their descendants. While French law prohibits collecting statistical data on racial and religious principles, some studies based on nationality of origin demonstrate that ethnic segregation is often superimposed with socio-economic segregation (Fitoussi and Savidan, 2003) . Focusing on life conditions in the disadvantaged suburbs, Pan Ké Shon (2010) highlights the rise in ethnic segregation and simultaneous reduction in income segregation between two most recent censuses. While the socially best-equipped residents, mainly French nationals, leave problematic neighbourhoods, most of the younger arrivals, who are North Africans and Black Africans, have "poor social characteristics" (Pan Ké Shon, 2010) . However, he rejects the idea that the high concentration of immigrants is the result of self-segregation, because what is observed is not a "White flight", but rather "all run" (Pan Ké Shon, 2009 ). Not taking into account discrimination, which is difficult to quantify, the problems of the banlieue population are mainly socio-economic, such as the access to housing market and employment market under the constraints of income, housing prices and job accessibility.
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The theory of spatial mismatch (Kain, 1968; Cutler and Glaeser, 1997) first and foremost describes the problems connected with the social polarisation of disadvantaged population in the central parts of American cities and their poor accessibility to jobs in outlying subcentres. In French cities, most of jobs remain concentrated in the centre, while the most segregated neighbourhoods are situated in periphery (Bouzouina 2008 ). In such neighbourhoods, public investments are often taking place aiming at improving accessibility as well as economic and residential attractiveness in order to reach social and functional diversity. Transport projects are based on two leverages: land use development and transport cost reduction by speed increase. These gentrification projects can however have the opposite consequences penalizing population in problematic neighbourhoods if the positive economic effect of diminishing transport cost is weaker then an increase in housing prices. This can lead to eviction of the poorest population henceforward incapable to pay more for improved accessibility.
In this paper we deal with residential segregation, accessibility and housing price. We test the hypothesis that accessibility is evaluated differently by different income groups.
This hypothesis is based on the standard monocentric model of residential bid rent. We study empirically how accessibility is evaluated at housing market in areas with different social status. The goal of the paper is to contribute to the empirical understanding of accessibility measures as housing price determinants. The spatial trend in their evaluation is analysed in the Lyon suburbs populated by households mainly belonging to different income groups.
In order to find differences in the impacts of accessibility on housing prices among income groups of population, the following sampling strategy is applied. With the intention to study the phenomenon in extremely poor and extremely rich areas, two extremums are selected geographically. The first one includes two of the poorest municipalities, while the second one -two rather prosperous areas. We are limited by the objective data constraints. In French urban areas, the poorest households live in apartment blocks and thus the apartment segment of housing market should be analysed for the richest households as well despite the fact that a big share of the rich lives in detached houses. Therefore, instead of looking for the areas with the highest overall 4 average income, we choose the richest municipalities among those with representative samples of apartment sales.
The remainder of the paper is organised as follows. The next Section is a short literature review. Section 3 describes the standard bid-rent functions in a monocentric city for two income groups of population: the rich and the poor. The hypothesis that accessibility is evaluated differently is empirically tested in Section 4, which includes data description and hedonic regression models applying the methodologies of geographically weighted and spatial error regressions. The final Section concludes.
Literature review
One part of the literature analysing the links between accessibility and housing price in disadvantaged neighbourhoods deals with gentrification issues focusing on the renovation urban policy. In the economic literature, the determinants of renovation and land use development can be grouped into the three following factors: first, those connected with the economic laws of location resulting from the monocentric model, they deal mainly with income, transport cost and housing demand; second, housing age and quality; and third, neighbourhood characteristics and population behaviour (Helms, 2003) . The third group confirms the impact of accessibility to the centre, especially by public transport: "Accessibility to the CBD matters: improvement is more likely in areas that are close to downtown and well-served by mass transit" (Helms, 2003, p. 496) .
In real estate valuation, accessibility issues are under close attention at least since the von Thünen theory has been elaborated in the first half of the 19 th century. Accessibility to the city centre is in the core of the Alonso (1964) bid-rent model. In their residential location choice, households make a trade-off between housing price and transport cost in the bid-rent function representing maximal land price per unit, which an individual is ready to pay in each part of a city. This is the principal issue of the standard model of urban economics (Alonso, 1964; Mills, 1967; Muth, 1969) . Thus, households can either reside in the centre close to employment opportunities or prefer peripheral location with more spacious accommodation and pay higher transport cost. The model does not
propose an analytical solution concerning the spatial distribution of population consisting 5 of different income groups, but implicitly considers that rich population is more sensible to consume accommodation that leads to concentration of the poor in the centre.
However, the centre cannot concentrate all jobs. Polycentric patterns of modern cities have been recognised (McDonald, 1987; McMillen and Lester, 2003) and incorporated into hedonic analyses of real estate prices and rents (McDonald and McMillen, 1990; McMillen, 1996; Sivitanidou, 1996) . Urban form depends on the scale of the analysis; this point can be illustrated in the analyzed geographical context. According to Bouzouina (2008) , the Lyon urban area is monocentric, with one centre in Lyon and Villeurbanne. Kryvobokov (2010) found fifteen candidates for service employment subcentres within Lyon and Villeurbanne. Wheaton (1977) with the San Francisco data demonstrated that there exist substantial differences among income groups in the value of travel time and the demand for land, but these compliment one another to yield bid-price gradients that appear quite similar. Also, he found that although the value of travel time increases significantly with income, it is totally overshadowed by the fixed money costs of travel. In France, the hypothesis of identical bid-rent functions has not yet been verified (Coffette-Nagot et al., 2000) . Not all the cities are monocentric (Anas et al., 1998) , and the strength of housing market is sometimes weaker than that of generalised transport cost (Glaeser et al., 2008) . The distinction between transport cost by public transport and by car is central in the explication of socio-spatial distribution (LeRoy and Sonstelie, 1983) . Ross et al. (2009) have shown the inability to fit more than two distance variables into hedonic regression model arguing that two points in space triangulate the optimal position by fundamental geometry. Beside distances "as the crow flies", network distances and travel times to urban centres, integral centrality and accessibility measures are applied in hedonic modelling of housing values. The centrality concept is an objective one; it takes into account the location of opportunities and potential access to them (e.g. Krizek, 2005) . The accessibility measure in the interpretation of Thériault et al. (2005; ) is subjective one, based on trip duration thresholds (Kim and Kwan, 2003) ; it is the ease with which persons, living at a given location, can move in order to reach activities and amenities which they consider as important.
markets and pay attention to perceptual issues, which depend on self-valuation of time and ability and willingness to pay a premium for better home location. They argue that these values, ability and willingness related to specific constraints define a utility functions, which are somewhat different for each household and are likely to differ among social groups. Moreover, Thériault and colleagues speculate that it could be argued that in modern cities, social gradients are progressively prevailing over access factors as major price determinants. Thériault et al. (2007) calculate accessibility indexes for men and woman and find significant differences in centrality and accessibility estimates among house types in hedonic models. In our study we do not calculate different measures for population groups, but focus on differences in price premiums for the same attributes among different groups and locations.
The standard monocentric city model for two income groups
The monocentric city model has been proposed by Alonso (1964) and generalized in many ways by Mills (1967) , Muth (1969) and Fujita (1989) . A comprehensive overview can be found e.g. in Anas et al. (1998) .
While we deal with two income groups of households and with apartments, the following designations for the standard bid-rent model are used hereafter: -, -composite goods representing all consumer goods except housing and transport for the rich and the poor respectively; 
-transport costs, which include the value of travel time, for households living x units from the CBD and belonging to the two income groups;
-exogenous incomes of households belonging to the two income groups.
Each household has an income, which covers its expenditures on the composite good, transport and apartment rent. The residential bid rent at location x is the maximum rent per floor area unit that a rich or a poor household is able to pay and still receive utility u :
By the envelope theorem, the slopes of the bid-rent functions are
where , are the solutions to the maximisation in (1). For brevity, the square brackets are not used hereafter. The ratio of the slopes of the bid-rent functions is the following:
Transport cost for the rich and the poor can be the same. It means that they not only use the same amount of gasoline per distance unit for their cars or the same tickets for public transport, but also evaluate their time, comfort, safety, etc. in the same manner. If this is the case, i.e. , then
or the ratio of the bid-rent functions of the two income groups is inversely proportional to their apartment floor areas, which are the maximisation solutions. When , i.e. the rich have larger apartments, (3) can be less than unity if the additional transport cost for the rich located a small additional distance dx from the CBD is lower than for the poor. If both conditions and take place, the inequality (5) is true again.
We should note that both assumptions contradict a standard view that the value of travel time increases with income. However, it is not always easy to grasp the difference in its evaluation by income groups. First, it can be overshadowed by fixed travel costs (Wheaton, 1977) . Second, different car-ownership rates for social groups (Korsu and Wenglenski, 2010) and thus different modes of travel can lead to shorter travel times for the rich. What is probably more important is that location amenities (which are not only the proximity to the CBD) not presented in the aforementioned model can outweigh the travel time component of the location choice of high-income households.
Thus, ignoring location amenities and assuming that the rich prefer larger apartments and either the transport cost for both income groups are the same or the marginal transport cost for the rich is lower than for the poor, the bid-rent gradient for the rich is lower. In other words, under the mentioned conditions, with each additional distance unit from the CBD the bid-rent for the rich decreases slower than for the poor. It is worth to repeat again that in this simple derivation the difference among income groups is mainly 9 manifested in apartment floor area units, while the categories of geographical peculiarities, prestige, racial composition, etc. are ignored. We will deal with some of them in the empirical exercise in the next Section.
The empirical model

The study area and data
The Lyon metropolitan area is the second largest by population in France. In 2005, its population counted about 1.75 million inhabitants. The centre of the agglomeration is formed by the adjacent cities of Lyon and Villeurbanne (Figure 1 ) with total population of more than 600 thousand inhabitants.
Fig. 1. The four suburbs and apartment sales
In the Lyon agglomeration, the share of car in mode choice composes 66.0%, while those of public transport 12.6% (Mignot et al., 2009) . The rich and the poor households in this study are determined as occupying the highest 20% and the lowest 20% in the income range respectively. According to the household travel survey conducted in the agglomeration in 2006, the rich and the poor have the same number of home-to-shop trips per person, and trip duration is only 4% lower for the poor. The maximum difference between the poor and the rich for trip duration is observed for home-to-work trips, and it is only 7%.
It is a well-known phenomenon that western suburbs of Lyon are prosperous, while eastern ones are poor. The selected four municipalities are Sainte-Foy-lès-Lyons and Oullins in the west and Vénissieux, and Vaulx-en-Velin in the east (Figure 1 ). All these municipalities are located in the Greater Lyon, or the first ring of suburbs, and experienced quite similar general demographic trends: positive dynamics till the 1980s, slight fall in the 1980s and 1990s (which was sharper in Vaulx-en-Velin and Vénissieux) and modest increase in recent years.
In the poor eastern suburbs, where the population is mainly formed by immigrants and their descendants, ethnic dimension overlays with socio-economic one (Fitoussi et al., 2004) , but it plays an important role in the perception of the area including the stigmatisation process. According to the last census in 1999, in the eastern Lyon banlieues the share of foreign nationals reached 22%, while in some rich neighbourhoods in more western locations it composed only 3%. The analysis of the demographic evolution of foreigners in disadvantaged neighbourhoods and their residential migration demonstrates the behaviour patterns, which are similar to the population average.
Foreigners leave or avoid these neighbourhoods as well as French nationals, despite difficulties of relocation specific to them. This "all run" reality (Pan Ké Shon, 2009), which is seldom demonstrated explicitly, according to Bouzouina (2008) confirms the socio-economic dominance in the segregation process. 
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The location variables in Table 2 (Bonnafous et al., 2011) . It is a four-step model, which forecasts transportation demand. We account for the travel times to the Lyon City Hall and to Bellecour, which is the main public transport junction located in the central part of Lyon. Both City Hall and Bellecour are among the fifteen (sub)centres identified with a regression of service employment density on travel time (Kryvobokov 2010) , similarly to McDonald and Prather (1994) . The centrality and accessibility indexes are integral measures, which take account of tertiary employment. The former is gravity-based and the latter is a "subjective" measure based on satisfaction thresholds and fuzzy logic, for details see Appendix 1. Note that in Table 2 the geographical unit of analysis is not municipality, but smaller zone; that is why the percentages of income groups are lower and higher in comparison with Of this sample, we select four sub-samples from the analysed municipalities (Table 3) .
The average floor area is the highest in Sainte-Foy-lès-Lyons. Though this attribute is the lowest in Oullins, it becomes the second highest there if calculated per person using the average number of persons in household in municipality. According to the average price per square meter, Sainte-Foy-lès-Lyons is again the leader. The minimum prices in the western suburbs are much higher than in the eastern ones, but relatively high average price and very high maximum in Vénissieux indicates a wide diversity of its housing stock. According to the t-test, Vaulx-en-Velin and Vénissieux, unlike western suburbs, have equal means for some attributes, e.g. the percentage of low-income households. Table 3 gives the average values of accessibility measures in the four municipalities.
The eastern suburbs are located in general a bit farther from the two urban centres, but their indexes for public transport are higher at the expense of better developed network.
The number of zones in Sainte-Foy-lès-Lyons, Oullins, Vaulx-en-Velin and Vénissieux are 10, 11, 18 and 24 respectively (see Figure 1) .
Besides using the sample of 4,362 observations, we extract the 20% most expensive apartments as well as the 20% cheapest apartments assuming that their buyers belong rather to the rich and the poor households respectively. These sub-samples called hereafter "expensive" and "cheap" are used in further analyses as proxies for the nongeographical submarkets for the rich and the poor, because it is difficult to find information about the income of the buyers of particular apartments in quantity sufficient to create a mass valuation model. For these two sub-samples the equality of means hypothesis is rejected for price, floor area, income levels and all accessibility measures.
We admit that this division does not correspond to the rich and the poor household groups described above.
Furthermore, this sampling can be biased as some share of expensive apartments could be expensive just because of their large floor area, but cheap in respect to area unit.
Some observations in the cheap segment, on the contrary, can be cheap due to small floor area, but have high price per area unit. In the context of the study, however, it is logical to assume that the poor are not able to buy expensive apartments even if their prices per area unit are low; while the rich prefer rather bigger accommodations. Therefore we suppose that our sampling strategy is less biased than it could be if it was based on price per square meter. 
Hedonic regression
Applying the hedonic regression model of price as the dependent variable with willingness to pay for different attributes as independent variables, we continue the tradition proposed by Rosen (1974) . If the supply of each characteristic is perfectly elastic, hedonic coefficients reveal demand for characteristics, though in most real-world contexts such a stringent maintained hypothesis is untenable (Malpezzi, 2003) There is no strong theoretical basis for substantiating the correct functional form of a hedonic regression (Halvorsen and Pollakowski, 1981; Malpezzi, 2003) , but empirical tests found that the log-linear form has a number of advantages over the linear one (see e.g. Follain and Malpezzi, 1980) . More general and flexible form was proposed by Box and Cox (1964) , but this function is beyond our current study.
In our specification, the dependent variable is the logarithm of Price. Among the independent variables described in First, an overall Ordinary Least Squares (OLS) model is built with 4,362 observations. Separate OLS models are created for the expensive and cheap apartment price segments;
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according to the t-test of equality of means of regressors, the null hypothesis is rejected for the majority of variables, including accessibility attributes and apartment floor area.
The observations from each of the four selected suburbs are exploited with separate OLS and Spatial Error models. In the latter, the error term is a function of the residuals in neighbouring areas. The geographically weighted regression methodology (GWR) is applied to all available sales to solve a regression equation in each observation point. For the OLS, a weighted standard error test (Schnare and Struyk, 1976) shows that the four submarkets significantly reduce standard error in comparison with the pool model. The ttests of equality of regression coefficients in the four submarkets give the following results: for accessibility measures, the null hypothesis is rejected in most cases, while for some other attributes, e.g. floor area, the coefficients are rather stable.
Each model is run eight times to examine the willingness to pay for each of the accessibility attributes in question, i.e. travel times to two urban centres and centrality and accessibility indexes, while each attribute is measured twice: for car and for public transport. Our hypothesis is that the richer population evaluates travel time to city centres differently from the poor. We examine as well if this is true in respect to the integral indexes. Under the conditions mentioned in Section 2, the absolute value of the estimate for the accessibility in the hedonic price model should be lower for the rich than for the poor. Table 4 represents the estimated hedonic coefficients as well as model fit for OLS and GWR models. For the OLS models, the maximum variance inflationary factor (VIF) is also reported. All the significant coefficients of the models with TTBellecour by car are presented in Appendix 2, where the estimates of the expensive and cheap sub-samples and median GWR results are reported as well.
The three OLS models support our hypothesis. In the expensive segment, the absolute values of the estimates are always lower (often more than twice) than those in the overall model. In the cheap segment, the absolute values of the accessibility coefficients are always higher than those in the expensive segment. The negative effect of increase in travel time to Bellecour by public transport by 1% leads to price reduction in the cheap segment by 0.17%, which is 2.8 times more than the price reduction in the expensive segment. Concerning the geographically weighted results in Table 4 , the average estimates among all the observations are reported as well as the four extractions from the examined suburbs taken from the overall GWR models. The absolute values of the average GWR estimates, which are a bit lower than the OLS results, increase from municipality to municipality in the sequence presented in Table 4 . The only exception is that for the accessibility index for car in Oullins, whose coefficient is significant for only 56% of observations. In the eastern suburbs, the percentage of significant cases is always higher than 0.90. Vaulx-en-Velin, where this percentage is always equal to unity, demonstrates the biggest difference from Sainte-Foy-lès-Lyons. The ratio of their coefficients is 5.7 for the travel time to Bellecour by car. The absolute values of the estimates for the western suburbs are, as a rule, lower than the GWR average, though Oullins is an exception in the three cases of public transport (travel times to Bellecour, City Hall and centrality index), which can be explained by relative underdevelopment of public transport at the time, for 22 which the data have been collected. In the eastern suburbs, the absolute values of the accessibility estimates are almost always higher than the overall GWR averages.
Conclusion
The monocentric-based hypothesis that willingness to pay for better accessibility for the poor is higher than for the rich is empirically supported with a hedonic model of apartment prices. Monocentric models with travel times to two versions of city centre are supplemented with integral centrality and accessibility indexes. The results of hedonic models with different accessibility measures are quite similar. First, the hypothesis is supported with the cheap and expensive apartment segments. Second, the support is shown with the example of the suburbs representing the patterns of residential segregation: the inhabitants of poor suburbs are willing to pay several times more for the accessibility components of apartment price. Moreover, spatial differences in perception of accessibility are much higher than those between the expensive and cheap nongeographical apartment segments.
The spatial dispersion of observations in the examined four sub-samples is important, when the attributes within sub-sample are examined. Within one poor suburb, accessibility measures are found significant for public transport, but not for car. The GWR methodology allows comparing the effect between sub-samples in the overall model.
In the selected eastern Lyon suburbs we have not found, in general, poorer accessibility, especially when public transport is taken into account. What is really different is the willingness to pay for accessibility: the more socially problematic is the area, the higher is the price for better accessibility. This can be connected with lower carownership rate and other problems of disadvantaged neighbourhoods. From this viewpoint, the priority of public transport development in the eastern suburbs of Lyon looks reasonable as here its positive impact is more significantly capitalised in housing prices. Thus, investment in transport infrastructure in poor areas, which decreases travel time and simultaneously increases housing value, can be regarded in terms of economic efficiency and not only in those of social justice.
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The standard theoretical model presented in the paper does not include location amenities other than the proximity to the CBD. Some empirical extension is possible with integral measures of centrality and accessibility considering service employment. In future study, more attention should be paid to other location amenities and their place in A service accessibility index is a "subjective" concept based on the realisation of potential access. Calculating this measure, we mainly follow the approach of Thériault et al. (2005) . We estimate a suitability index applying fuzzy membership and using the 50 The fuzzy membership function of the suitability index is graphically explained in Figure A1 .
A service accessibility index for zone i is calculated as follows: 
